: REPLACED SHEETS  SG | ABOOT60 -2
CLEANI NG SS . FOR HAd ULt GASd 3| BACKGROUND OF THE | NVENTI ON ](.)0-7
Fisel d of | EhDeIcHpUoR r BigeC "oy 0 PRAYE Buggent invention relates to a pr s
for cl eapkh laim($) hafﬁ?ﬁ?ﬁ"éﬂé‘?% "NidTfticularly, it pertains to a process
for cl eaﬂg rawipg(Pht arBed xS clOPBE N yja nitrogen fluoride,  especially

ni t rogen| & Abbteast | de Poge c%ﬁﬁﬁﬂﬁ¥ ~gay is exhausted from a seni conduct or
manuf act t-Reg—process: 2——Description of the Related Arts Wth
continuous devel opnent i n"CBEANENGJBROSESENEQR HARMEUL GAS 55 peen in recent
years, a steady rise in the use amounts of nitrogen fluorides, especially
nitrogen trifluo- ride, which are used for the dry etching of silicon, a
silicon conpo and the like and are also used as a

cl eani ng gAAGKGRQUNR QE FHE, TRVE pment . Ni trogen trifluoride has
been reported to be sparingly soluble in water, considerably stable at
roomtenperature hardly reacting with an acid or an alkali, but highly

toxic, andqthus; &f thLieshobdekbpgit value in tinme weighted average (
TLV-TWA ) 01:l 1(L)hsxppm ¥ ere%ore, Fn tﬁ‘e case where nitrogen trifluoride is

exhausted into tfifs G rOSERET EnvihtibNCELIaRYL! tontl PR S Fo M WIRkaNING es
and environnment. Accordingly, nitrogen trifluoride needs to be cleared

soon aftery andthfoUeQalsl.i MM | g8re2B8LRLALRY FAS pértstmlsi Boaa process
sem conduct or manufacturing process prior to the exhaust
for cleaning a harmful gas containing a nitrogen fluoride,
especially nitrogen trifluoride which harmful gas is

exhausted from a semiconductor manufacturing process.

2 . Description of the Related Arts

With continuous de\.relopment in semiconductor'. industry,
there has been in re.cent years, a steady rise in the use
amounts of nitrogen fluorides, especially nitrogen trifluo-
ride, which are used for the dry et;.ching of silicon, a
silicon compound, a tung.sten compound and the like and are
also used as a cleaning gas for a chamber of _CVD egquipment.

Nitrogen trifluoride has been reported to be sparingly
soluble in water, considerably stabie at room temperature
hardly reactiné with an acid or an alkali, 'but highly toxic-,
and thus have a threshold limit wvalue in time weighted
‘average ( TLV-TWA ) of 10 ppm. Therefore, in the case where
nitrogen trifluoride is exhausted into the atmosphere, it
exerts evil influence upon human bodies and environment.
Accordingly, nitrogen .tr.ifluoride needs to be cleared soon
after a nitrogen trifluoride-containing gas is used in a

semiconductor manufacturing process prior to the exhaust

This Sheet Has Been Replaced ' —-1-




-2~ thereof into the atnosphere.

Nitrogen trifluoride, although being stable at ordinary

tenperature, forns dinitrogen tetrafluoride, dinitrogen di-

fluoride, dinitrogen hexafluoride, fluorine and the I|ike

owi ng to heating, electric discharge or the Iike during the

step of eheitadF dmted add riEmdgptedci £ 1 on, in the case where

etching is carried out under the condition in which nitrogen

trifluoride i Niitragen aotifidiudrisid.i cortheughyshehngastableoat ordinary
conpound, a tungsten conpound or the like, the nitrogen )
trifluoritémpesatiuce i nfetres f dinhtrogedf tetrafdyardde, dinitrogen di-
-fluoride and tungsten hexafluoride. The afore-said ,

ni t r ogen fuSHidsys, dipgsrrgen shexabhupeidsgs| ubtvaeilgg and the like
tungsten hexafl uoride are each nore toxic than nitrogen, .
trifluorio¥dndarke thRreiRge AHCELHEC, SA5GRATES oF (§IiF chbe® during the
with nitrogen trifluoride. . . . As processes for repoving
ni t r ogen Sftl%tfor‘? RCFMRI 9% cleaning. In aé&mtdﬂ@d ih Y805t h‘éggrﬁave
her et of or een. proposed various. processes, i ncl udi rr] a
process i Wﬂ1¥frﬁﬂﬁﬁiﬁﬂ1°Ut under the ??%ﬁ%%aeé-ggn %%%ﬁngghggggﬁis
br ought tlrrltfq%o%rgeacz{sf h]\é\ﬂ;]t ?88[:%?}:] &itt‘l silrﬁztoﬂ ,l '&é&%%&?p é‘t sflicon

t enper at uré not 1 ower pahese Pat ent

Appl i cat i deRirflr,OPaN dond28 ”c?ﬁﬁ:&ﬁﬂ? 8%) the 1like, thel nitPbhkn 2
I uori

process in which a nitrogen ri des-containing gas i s
brought igptig1GRNHd WdduI®S alid C dHd anta¥matién of silicon teEBEhRAtUreE
not | ower than 200[err]C [ Japanese Patent Publica- tion

No. 48571/ 1¥Qiodi¥0 &hd | ; Wiy dtdd ] HeRPLessSidd. Whithea afore-said

nitrogen fluorides-containing gas is brought into contact :

Wit h any ndferaiddrc0El Jtfi@uas | Urniisianina1pl ydileiewn Vvesedafbuoride and
tungsten hexafluorigie are each more toxic than nitrogen
trifluoride, and therefore must be removed as is the case
with nitrogen trifluoride.

As processes for removing nitrogen fluorides that are
contained in a gas, there have heretofore been proposed
various processes includin-g @® a process in which a nitrogen
fluorides-containing gas is brought into contact with
metallic silicon at a temperature not lower than 100C [
Japanese Patent Application Laid-Open No.12322/1988 (Sho 63)
] ; @ a procesé. in which a nitrogen fluorides-containing
Qas is brought into contact with metallic titanium at a
temperature not lower than 200°C [ Japanese Patent Phbiica—
tion No.48571/1988 (Sho 63)]; and @ a process in which a
nitrogen f-luorides.—conta.:ining gas 1is brought into contact
with any of silicon, borén, tungsten, molybdenum, vanadium,

selenium, tellurium, germanium and non-oxide base compounds
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selenium tellurium germani um and non-oxi de base conpounds

-:3 - thereof at a tenperature in the range of 200 to 800[err]C |
Japanese Patent Publication No.48570/1988 (Sho 63)]. Al so there
have been proposed [err] a process in which a ni trogen
fluorides-containing gas is brought into contact with a netal hal ogenide

capabl e of hal ogen exchange with nitrogen trifluoride Japa Pat ent
PubllcatloﬁheRIS°f 48569/ e B3}, t[t?ﬁrfangepﬁfcegé i °V\/:he(€°nqc t

nitrogen _fluori deilacont aini r]1 S | s an@%ﬂé&cg%ba%%ﬂ th an oxi de

of a trans?BPBRSHEL a tenperature
not |ower than 250[err]C | Japanese Patent Appl i cation Lai d-Open
No. 181316/ 1991 (Hei 3)]; and [err] a process in which a nitrogen

fluorides-cont ajpiRY +935-d snav%) gggﬁt gl‘,__g%g[segryrwt%cta%}gc@gsl il 6¢h&a bon at

a tenperature in the range Japanese Pat ent

Appl i catloaltrbagﬂ mmggz@@éé&ﬁxméh%ﬁ)hs brough®! 8aN)r t&EgcHave

been proposed [érr] a process in which “a ™ nitrogen fluorides-containing gas

i's broughtyiphO £0pbagl Ri1sgdRIBEr AaPadb IOt oFOVRI1dde ehangleC with a
catalyst containing a transition netal such as nickel, iron and cobalt or

a nobl e newgtrogen axflfiudnide [ hodapanesd [(Ratent uummaud:alm.toml s el ng
supported on a carrier conpris- ing alumna or silica as a principal
conponent 48%694Apaa8dse (Skvat e68) [Appkd cati oprecess Opign NRIZIG089/MD8To¢8hO .
62)] ; [err] a process in which a nitrogen fluorides-containing gas is
fluorides-containing gas is brought into contact with an
oxide of a transition metal such as iron, manganese and_
copper at a temperature not lower than 250%C [ Japanese
Patent Application Laid-Open No.181316/1991 (Hei 3)]; and ®
a process in which a nitrogen fluorides-containing gas is
brought into contact with activated carbon at a temperature
in the range of 300 to 600°C [ Japanese Patent Application
Laid-Open No.23792/1987 (Sho 62)] .
Moreover there have been proposed @ a process in which
a nitrogen fluorides-containing gas is brought into contact
at a temperature not lower than 200C with a catalyst
coataining a transition metal such as nickel, iron and
cobalt or a noble metal such as platinum, rhodium and
palladium, said metals being supported on a carrier compris-
ing alumina or silica as a principal component [ Japanese
Patent Application Laid-Open No.273039/1987 (Sho 62)] ; ® a
process in which a nittogen fluorides-containing gas is
brought into contaclt with zirconium or a zirconium-based

alloy at a temperature in the range of 100 to 8007 {

Japanese Patent Application Laid-Open No.238128/1994 (Hei 6)
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brought into contact with zirconiumor a zirconiumbased alloy at a
tenperature in the range of 100 to 800[err]C [ Japanese Patent Application

Lai d- Open No. 238128/ 1994 (Hei 6) - 4 -
]; and like processes. However, the above-nentioned processes suffer

the disadvantages or inconveniences that in the aforesaid processes
a volatile fluoride is newy forned as a

, [err
L;rL1oduE?ﬁGLﬁﬁa;iﬁﬁﬁnéﬁﬂfeﬁﬁﬁihe process [err] , a halogen gas such as
hl or i [ d by- ct: in t roce err]
chorine'gas 15 (a5 g0 Wikt Do ptpies®, Ll B,

ni trogen oxi de, Whici s forfed as —a

treat it Seh{iﬁatdqv%rn%émtopm ¥n88@£h?%hgggi g, 0cess, (Ut %l[fz:r%ﬁsaid

i ncreasi ng e treathent cost. tion, the process

i nvol ves 1 BeReilam@halg iy I@eatdepd1 sl f8 £16¥218d G8MRGLAVYES dna

acconpani ed by not onl’y Vviolent reaction but also a danger of éxpl osion
and besidag, garppuptelinat! u@GtdRgi Sci@anBAgas anbytms OPrdcesi @ i Sa
relatively stable and difficult to renove. Mor eover, - the process
[err] invohddsgehe qasoldth tdeit chbheriheeghserls, dimedighis nat bpepRgduct ;
acconpanied with the by -production of a harnful gas, nust be carried out
at a hi gh ahdnper dathe epfareddie®pur posttobgans wxkide a whiféh cisnfoeiednas i ng
capacity, for exanple, the use of iron as a transition netal requires
heati ng t oa4®3[-enododdy, Mmakes it dmperatiobt bontraal actsebf, ckbenebhy
capacity, since the deconposition activity of ironis not sufficiently

hi gh at 200PEr oy, qemPligaeirg thet RIoqefml veytt Rdser dhereasitrg sthe

fl uorides
. treatment cost.

In addition, the process ® involves the problem that
the treatment at an elevated temperature is accompanied by
not only violent reaction but also a danger of explosion and
besides, carbon tetrafluoride is formed as a by-product
which is relatively stable and difficult to remove. |

Moreover, the process (® involves the problem that the
treatment, although not being accompanied with the by
-production of a harmful gas, must be carried out at a high
temperature for the purpose of assuring a sufficient clean-
ing capacity, for example, the use of iron as a transition
metal requires heating to 400°C or higher in-order-to obtaiﬁ
a practical éleaning_ capacity, since the decomposition
activity of iron is not sufficiently high at 200 . The
process further involves the problem that some fluorides
which are formed with the progress of the reaction cover the
surface of é cleaning agent, thereby preventing the reaction
from advancing to the inside of the agent resulting in

failure to obtain sufficient cleaning capacity.
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whi.ch are formed with the progress of the reaction cover the surface of a
cl eani ng agent, thereby preventing the reaction from advancing to the

i nsi de of the agent resulting in failure to obtain sufficient cleaning
capacity. Further, the process [err] has the hazard
of causing wuncontrollable rapid tenperature rise due to the violent

exot herm c rea{s&{@negt" A O AUy al@)r endkt heRbt rRgeard hads icaudswal | Y
used as a diluent gas for nitrogen trifluoride. As descri bed

her ei nbef gh€ont P81 EaBR& NipiE! thaperhetwié pikea dwé i Thbactwsy vioaeass for
renoving nitrogen fluorides that are contained in a gas. In such a

ci rcunst agkethétmbasrebheenonager hyhdghi tesipevatevel oith pricresment dhat
cleaning nitrogen fluorides which has a high treatnment capacity at a | ow
t enper at ut® wstably byedroduai ddlaehtr ghsl fgas ndtraggas tridliuey idef.ear of
envi ronment al pol | ution. SUMMARY OF THE | NVENTION - As a result of

i nt ensi ve resedscieandiledchepatnbefaceuntharedhipg niod yedsdeen feamdors in
order to solve the above-described problens involved in the prior arts, it
has beermodbund safis fackagenPtPaess d&orc arenry irgobéirpgenaflusridese| y
high efficiency at a relatively |ow tenperature by Dbringing a nitrogen

fl uori destkaht arfi fgn§ad nedt ¢ nc it - tﬁuﬁhcPe&ﬁF@”&&gﬁPcéonﬂFi?Pﬁg
stannous oxide as an, effective ingredient; and also that_the ¢l ean

process iReeR RAIHLY t e Hdird atifondBVed°By- Br RERTEHI HPex nin

nitrogen fluorides which has a high treatment capacity at a
low temperature without by-producing a harmful gas or a gas

having a fear of environmental pollution.

SUMMARY QF THE INVENTION

As a result of intensive research and dovelopment
accumulated by the present inventors in order to solve the
above-described problems involved in the prior arts, it has
been found that nitrogen fluorides can be removed in_ an
extremely high efficiency at a relatively lgw temperature by
bringing a lnitrogen fluorides-containing gas into contact
with a cleanig agent éomprising stannous oxide as an
effective ingredient; and also that the cleanig process is
free from the generation of a by-product which exerts
adverse influence upon the environment at the the time-of
cleaning. The pre;ent invention has been accomplished by the
foreqoing finding and information.

That is to say, the present invention relates to a
process for cleaning a harmful gas which comprises bringing

a harmful gas containing as a harmful component, at least
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A



adverse influence upon the environnent at the the tinme of cleaning. The
present invention has been acconplished by the foregoing finding and
i nformati on. That is to say, the present invention relates to a
process for cleaning a harnful gas which conprises bringing a harnful gas
containing as a harnful conponent, at |east

one nmenber selected fromthe rougrgonsisting of nig

-6 --

fluorides, AtthgBeBReF| fsliarhed sEFPRoFie uBFPHBS S TEe %F%ﬁ%ﬁ&?%&m
fl [ , i.nt 0 . t it ] [ P | Si { i d
ns-an eff N T4 ear b BeR, T AR AR ET U PE1ar 00t boT tadh T RY SRl
In particulgr, e PLESEH: JJPMGY | ORnES! a:%]oerﬁ:r#cqi ayitR &CEPa50inG! YUY 2
harmful gas Which coRprises brinding —-a harniul gas contal ning Ri trogen

trifluori deoipra NIHJT ¥tann609PYIEHe | BEO £HPNERECHLLE 3 i RANJHE 2§€NG
conpri sing stannous oxi de as an effective ingredient at ‘a tenperature

of 200[ er r tenpeddtud L \WIS1200°Cc at MHEWSFesthe present invention further
relates to a process for cleaning a harnful gas which conprises bringing

a harnful gas cam aipairtd Al diEr Nftlle C@EFRFWIY S invdhitidigerelidted | @@ akong

with at | east one nenber selected fromthe group consisting of tungsten

fl uori des, pziddesan fdiotlekasing hgdhagef ull was dehixvhl ¢dmprisesi brangdngact

with a cleaning agent capable of renmobving a fluorine-based conmpound at

ordi nary t emarmivlk, gasdcohspdafingr fdikxdgenbtrpafilougride dwaraf bargfylt hus
prelimnarily treated into contact with a cleaning agent conprising

st annous ogfgeapoasnin antectf9mptact with a <c¢leaning agent comprising

stannous oxide as an effective ingredient at a temperature
of 200C at the lowest.

Moreover, the present invention further relates to a
process for cleaning a harmful gas'which comprises bringing
a harmful gas containing as harmful components, a nitrogen
fluoride along with at least one member selected from the
group consisting of tungsten fluorides, silicon fluorides,
hydrogen fluoride and fluorine into contact with a cleaning
agent capable of removing a fluorine-based compound at
ordinary temperature, and thereafter further bringing the
harm?ul gas thus preliminarily treated into contact with a
cleaning agent comprising stannous oxide as an effectivé

ingredient at a temperature of 200°C at the lowest.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The cleaning process according to the present invention
is applied to the cleaning of a harmful gas containing, as a
harmful component, a nitrogen fluoride, a tungsten fluoride,

a silicon fluoride, hydrogen fluoride and fluorine, especi-

- ‘This Sheet Has Been Replaced - —6—




I ngredient at a tenperature of 200[err]C at the | owest. DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The cl eaning process according to the
present inventionh is applied to the cleaning of a harnful gas contai ning,
as a harnful conponent, a nitrogen fluoride, a tungsten fluoride, a
silicon fluoride, hydrogen fluoride and fluorine, especi-

-7 - aadlyynhiteggent tirffilfladrdeleasasa aihibgegehl fiduotdédeThdheb@abwve
-mentioned process is applied also to the cleaning of a harnful gas
exhaust ed-fenbianednprondsst of s nepHldsdir BAgo appartdtas cleapiingh oft rfogen
trifluoride or the |ike is used. Exanpl es of harnful gases that are
t he obj echarmful clgami reghausdiedl nred tae ganisxndyeient MARYFEAIHYFIiNE| ude
nitrogen, argon, helium and the |i ke each containin nitrogen trifluoride
( NF[ err |3PRBCAtHar iruvhéehpbhtregen tragdyordder mogah&e Likeed udestedor
etching or cleaning in a seni- conductor manufacturin rocess,. for

di ni trogen tetF%emPlegor?tie AT Wy) dasgishi thaden38Pf | gﬁg o‘éb{e‘:ts °

b B 5 e LS

silicon or silicon compou d.to produ licqn ket rafluor err])
and al so +€5%?§HMAtﬁr9uﬂgst ﬁlépm tunést%h co%%oundeté‘"J oHﬁ %ﬁ%ﬁﬁ

o mes I ErSdEn L 1 oTRERE) U P, | 18O RYRARS dpilingh s thg)%qor

nanufactd?lng Focess in I"Uo

cont ai ns ﬁ-lff@@&&é' F L dt?sé&'df!oFi GBI £ °E él@%rﬁl?{ﬁ’e et

ni trogen uor i des, fluori rides, tungs uor i es and
hydrogen conductor manufacturing process, forms dinitrogen tetra-

fluoride ( N,F,), dinitrogen difluoride ( N;F,;), dinitrogen
hexafluoride ( N;F,;), fluorine (F,) and the like due to
heating or electric discharge, reacts with silicon or a
silicon compound to produce silicon tetrafluoride (SiF,) and
also reacts with tungsten or a tungsten compound to form
tungsten hexafluoride (WFy) . Therefore, the exhaust gas from
a semiconductor manufacturing process in which nitrogen tri-
fluoride is employed, contains nitrogen tfifluoride and in
many cases, the above-mentioned nitrogen fluorides, fluorine
. silicon fluorides, tungsten fluorides and hydrogen
fluoride. The process according to the present invention is
capable of cleaning the foregoing various gases as well as
nitrogen trifluoride.

As describgd hereinbefore, the cleaning process accord-
ing to the present invention is applicable not only to
nitrogen ﬁrifluoride but also to the nitrogen fiuorides,
silicon fluorides, tungsten fluorides, hydrogen fluoride,

fluorine and the mixture thereof.

This Sheet Has Been Reilaced ' -7

AT




fluoride. The process according to the present invention is capable of
cl-eaning the foregoing various gases as well as nitrogen trifluoride.

As descri bed herei nbefore, the cleaning process accord- ing to the present
invention is applicable not only to nitrogen trifluoride but also to the
nitrogen fluorides, silicon fluorides, tungsten fluorides, hydrogen
fluoride, fludihiefe anelitnedenxEfduerider éof . brought into contact with

- 8 - Wien a nitrogen fluoride is brought into contact with the

cl eani ng &§&nclisdNig ARSI thecPEPESEAt OfnFdRt iAResenthd fventriare, at ons
are fixed §s g, retal flyoride, while the nitrogen atons are exhausted as
nitrogen §8S. LANEFIRSsiaYams, ang GHERR 2Fd2amehAds fdvorigeni abidee theught
i nto cont i.th_the cleaning_agent. in said process, the fluorine atons
are fixedﬁggrgwﬁ%t §}t°f“|su(")’rrraol8,"(‘;‘\%'%eé 4 RE SHTOGE™ AR -h PN, Ryt <ot
fixed eac oljd:cC . herefore, the | eani ng process according
to the prgégﬁfﬁfiﬁve&n‘ﬁ o%n’i&gj%%%é:ﬁa Iéf%gr%?%aﬁirﬁg "f‘f%rbn‘gngpgf’f 1SPS5afE and

further tbgtheghgpgﬁeggiggrggggts?g;gggérc g%cg%guf§%%y&ﬁn af%%ﬁ%'%ééq

which nitrogen trifluoridée 1S enploye t hout” formng a

by-produchre fixed! 88NQUSHOXA H€ £( I8Pk dleS %ﬁ?ﬁlé‘sgﬁg Jiaaddye SS"ﬁmr‘eent

of the cleaning agent in the present invention. t annous ~ oxi de, Ich is
avai | abl ecaAgkBenmarketr ivad RtadPrds of s@Pf@eEoﬂﬁoLH§.lThngE%Qeatt%%pst

98% purity, can be usually used as a raw material of the cleanirfig agent.

St annous oxedrings pPbeedsf cicesLadigt o Cl@adi EAGet Ry vIdidP iyt o
capable of .cleaning nitrogen trifluoride and further the
exhaust gas from a semiconductor manufacturing process in
which nitrogen trifluoride is employed without forming a
harmful by-product.

Stannous oxide (Sn0) is used as an effective component
of the cleaning agent in the present invention. Stannous

. oxide, which is available on the market in the form of
powder or the like with at least 989% purity, can be usually
used as a raw material of the cleaning agenf. Stannous oxide
is molded for use as ;he cleaning agent by molding into
pellet or by molding into an irregular form, followed by
crushing it into a suitably sized product.

There are available, as the molding process, a wet
process and a dry process that have heretofore been well
known, including for example, a process by tableting molding
stannous oxide; a process wherein stannous oxide is mixed
with water to form a slurry or a cake, which is extrudéd
into a molding, and the moldiné is cut into a suitably siéed

Product, followed by drying; and a process in which the
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pel et or by nmolding into an irregular form followed by crushing it into
a‘suitably sized product. There are avail able, as the nol ding
process, a wet process and a dry process that have heretofore been well
known, including for exanple, a process by tableting nolding stannous

oxi de; a process wherein stannous oxide is mxed wth water to forma .
slurry or a_cake, which is extruded. into a nolding, and the nnldingdis cut

into a sui FABF§YsPFedhepcaffcin SALHBIPIRSrSF ngtarksated, 8edsdrifdnni ch
th | t h ke j id [ | at ed d

dri ed. AR PG @i B8 BB WreRedt aPath BEmeRt TR dPhg

f th f h [ th | MERRA d.th di h
There ar 6 BPCasrdLFSR 208 Birbsendr Al B e 1 8 ELLE5C0RE ERS. |

Fl or o, hebRERP mem et o) AF Bt T Rety S o feting

fluoride, a;diNCuéty®rifeuapdasoppresnitnorise. éﬁ¥m?iii§hd fbyori fleg; GRY
be used al one or as a conmponent of a m xture of at least two fluorides as

nentioned gbgyeide, potdssNEmCasPudfids| NUsedibhdi AYustdaet henaghesdibhe
metal fluorides for exanple, a netal oxide, an inconvenience is sonetines

caused i n thadrbdaj t regbdi ek i & udrige pr aduced 1 uduiiideg cleadi Nfluoride, The

anount of the nolding aid to be added in preparing the cleaning agent

vari es depigndi iuoupda ahfecoppedi Hduocdds.t iRorys oflesaiddf hwdxlidgs may

strength, etc. and can not be wunequivocally specified. An anount-thereof,

when bei ndPe ogsed alone or as a component of a mixture of at least two
fluorides as mentioned above.

In the case of using a molding aid other than the metal
fluorides for example, a metal oxide, an inconvenience is
sometimes caused in that a nitrogen oxide is by-produced
during cleaning.

The émount of the molding aid to be added in preparing
fhe cleaning agent varies depending upon the molding
conditions, desired molding strength, etc. and can not be
unequivocally specified. An amount thereof, when being too
small, results in failure to assure the effect of its
addition, whereas an amount, when being unreasonably large,
lowers the cleaning capacity. Such being the case, thé
compositional ratio by weight of the molding aid in the
cleaning égent is usually in the range of 0.001 to 0.6,
preferably 0.005 to 0.50, more preferably 0.01 to 0.45 based
on the stannous oxide.

Of the metal fluorides to be used as the molding aid,

potassium fluoride is effective in enhancing the moldability

and the molding strength of the cleaning agent. However, the
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smal'l, results in failure to assure the effect of its addition, whereas an
anount, when being unreasonably |large, |owers the cleaning capacity. Such
being the case, the conpositional ratio by weight of the nolding aid in
the cleaning agent is usually in the range of 0.001 to 0.6, preferably
0.005 to 0.50, nore preferably 0.01 to 0.45 based on the stannous oxi de.

O the net@sef Phopodassiamd lanids bhings| dbagtatbe dpteadsramibhueifi de

is effective in_enhancing the noldability and the nolding strength of the
cl eani ng dﬂ@ﬁt?lﬂéﬂévngﬁﬂﬁFlty more than the proportion of decregge

use of potassan1fluoride brings about the deterioration of the cleaning
capaci ty nb? e PRafAHEYr opbr FFBANBES QX IER ACTIMRMY tmht BRe dAddtdRRous
oxi de accqgggpgépg thg add%tiog t her eof . ,Accor%inglg, pot assi um
fluoride —causes an cFRESADENYencePPABRAL™ t FiVArifitcul €ap§esdd g
necessary ; n of. to ur.e a, suff.ici.ent nol ding strength. On the
ot her hand: ca: c%%%?ﬁ%orlinde?ﬁg thl(;%ug}'us b&iES LW S né? hé‘%def? elECgisary

enhanci ng 4dheue! gﬁggtrlebit'fy @ £ ed Wl Q48 JJF&%{r%;; Ftredgth . Rt of

characterized in | ces the cleaning Tcapac

the stannaise 0¥tHEr MhbERa2N callRG GRS ddEidlE aﬂn,#m Lum fluoride
added thereto. i Nbréo&gr, t he céﬁ%?haVLona lﬂégc)é%ﬁ%a%é?u#ﬁfkugride

and cal ¢i WEfdOr bHE edhat TG 15k 2hd18aB1 £X by bials mﬂﬁtwﬁwrghgg

ef fect of enhancing both the noldability and nmolding “strength w _
| owering tfleuctbded N0i € apRstaytetize8 1HUEhabr etebARARCLE €HB! RYRRLAGS! UM

fluoride and cal ciumfluoride
capacity of wunit weight of the stannous oxide with an
increase in the amount of calcium fluoride added thereto.
Moreover, the combihational use of potassium fluoride
and calcium fluoride aé a molding aid can exhibits excellent
working effect of enhancing both the moldability and molding
strength without lowering the cleaning capacity. It is tﬁus
preferable to employ potassium fluoride and calcium fluoride
in combinafion as a molding aid for the cleaning ageht
comprising stannous oxide as aﬁ efféctive component.
The ratio based on stannous oxide, . of pétassium
fluoride and calcium fluoride to be added in combination as
a molding aid for the cleaning agent, varies depending ﬁpon.
the molding method, desired molding strength, etc. and thﬁs
gan not be unequivocally specified. With regard to tﬁe
compositional ratio of the cleaning agent, the ratio by
weight of stannous oxide to potassium fluoride to calciﬁm
fluoride is wusually 1:( 0.001 to 0.15 ):( 0.01 to 0.60 ),-

approx., preferably 1:( 0.005 to 0.12 ):( 0.03 to 0.45 ).

approx., more preferably 1:( 0.01 to 0.10 ): ( 0.05 to 0.35 )
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I n conbination as a nolding aid for the cleaning agent conprising stannous
oxi de as an effective conponent. The rati o based on stannous oxide, of
pot assium fluoride and calciumfluoride to be added in conbination as a
nol ding aid for the cleaning agent, varies dependi ng upon the nolding

met hod, desired nolding strength, etc. and thus can not be unequivocally

speci fied. atdbr{o‘%ﬂarﬂ t Qi COFPRBl! | S8 < & Al O £ 2o 1QeC! %ngégﬁat 1

the ratio by stannous oxide to potassiumfluoride to calcium

fluoride '§eH§Uaéﬂ¥nls@1Qi OgénEQ 0.desd1€s 0.l ¥QiBuBl Jeo FUHi®%e the
preferably 1:( 0.005 to 0.12 ):( 0.03 to 0.45 ), approx., nore preferably

1:( 0.01 ter@edl rromOrBe wAditin thereof, whereas an amount thereof,- 11
- approx. An anount of the pota55|un1fluor|de when bei ng | ess than

sai d r angewhensbletisig ndre | thant gaddhirmarege heleadsf ¢ot detonridmwatieh t 06N

t her eof , whereas an anount t hereof, when being nore than said range,

| eads to deber icdremniiog ofapachsyc| dani A agouapacift ytheén cadminm of ludeidal ci um
fluoride, when being |l ess than said range, results in failure to

achi eve t heheRf eeing gressenthag t Aaidl evaaﬁlq\g.cmikssfrm fagdugg | e%ered
by the addition of potassiumfluoride, whereas an anmount thereof, when

bei ng nmor 2¢RhAVeaF er&ﬁé@CtléﬁHsP¥%VenHéP€rFBPaFlﬁ?Wﬁnqrﬁ?Eﬂ%&ﬁWrEF°m
capacity acc aﬂgégg?the decrease in the content of_ stannous oxide. At

any rate, At RE FRBoRAGEELIGN: Sitd@ARS S Bt SHF + %gé%hﬁﬁ?%ﬁ

about unfavorable re t.he case carrying out h A ry|ng of

he cl can; 7o S3eGRt “ERoERoEscibPR PRLAE\TERE aham 9 dide orerds
deterioration of the cleaning capacity accompanying the
décrease in the content of stannous oxide. At any rate,
amounts of the fluorides outside the aforesaid rénges bring
about unfavorable results.

In the case of carrying out heat drying of the cleaning
agent to be used in the invention in the course 'of its
pfeparation, said drying is preferably performed in an.
atmosphere of nitrogen, since stgnnous oxide, when being
brought into contact with oxygen during the heat drying of
the cleaning agent, is partially oxidized into stannic oxide
, and the resultant stannic oxide contained in the cleaning

agent unfavorably forms a nitrogen oxide as a by-product at
the time of cleaning. In addition, stannous oxide is 6xidiz—
ed in the air even at room temperature, and therefore it is
preferably preserved in an atmosphere of nitrogen.

The shape of the cleaning agent in the form of molding
is not limited in particular, but is typified by sphere,
column and cylinder. Preferably, the size thereof is in the

range of 2 to 12 mm in diameter in the case of spherical
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preparation, said drying is preferably performed in an atnosphere of
ni-t r ogen, since stannous oxi de, when being brought into contact with
oxygen during the heat drying of the cleaning agent, is partially oxidized
into stannic oxide , and the resultant stannic oxide contained in the

cl eaning agent unfavorably fornms a nitrogen oxide as a by-product at the
time of cleaning. In addition, stannous_ oxide is oxidiz- ed in the air

even at robRFMemPd¥ditis elnathet F@GRoraf i? F9 g dmerip| Jippretervandi dnan
at nosphere of nitrogen, The shape of .t cl eani ng agent in the form of
nol di I?\g i Ehﬁotral’\%gt%%l ?ntBar@i an afr,‘ Bﬁngg't ﬁ‘ﬁ’lglplré’g‘ 'b?”bp'f‘fé? eSas8oPim
and cylinder. Preferably, the size thereof, is_jn,the .r of 2.to 12 mm
' di et oFOHHRTRE cE8ENsr Lpndrd cgpnoraily *stdchd® A0 Eullnlfg"
12 - fQ{;QL a”%d&'ﬁaéﬁﬁdr%&e Ple 210 alZcthng' DG ,a’}Qeé#g chhe
0 E el ght, f - co orm It

range of 2 2 nmin appprox. in the case drmar T’
I's general hy,sta eHaEE%ElEhﬁ]ﬂn?@&lf‘gsmaQQ%Qi A4 NaBatke bl t diitth | Bnd

cl eani ng col um, needs to ave a particle dianmeter snaller than about

one-tenth £HeumnCOhYERetdLaNEiRE . palhtei PBS t idilfndtiawetier the t&eopéenggai d
range enabl es effective cleaning w thout causing channeling and the |ike.

The packi ngafigesiehyblled hef £dBiVNNJcB@aNingh &l thdut | Caydirkfdecha@nfeTiggni ng
colum is usually in the range of 0.8to 2.5 g /m , approx. _ It is
possi bl e iandhther eétkel. Thee phickinigo desrsiitiye oft | e i dbe@gimg agemt N@éng
bed or a fluidized bed as-well as a fixed bed. The cleaning agent is
usual | y patkeillsi pagked in a cleaning column is usually in the range of

0.8 to 2.5 g /ml , approx..

It is possible in the. present invention to use the
cleaning agent in a moving bed or a fluidized bed as well as
a fixed bed. The cleaning agent is wusually packed in a
cleaning column, where the harmful 'gas containing a nitrogen
fluoride is passed therethrough to bring .the harmful gas
into contact with the cleaning agent, whereby- the nitrogen
fluoride as the harmful component is removed and thus the
harmful gas is cleaned.

The_temperature at which the harmful gas is brought
into contéct with the c¢leaning agent is at least 200°C,
preferably 200 to 800°C , more preferably 220 to 800%C. A
temperature at the time of contact, when. lower than 200°C ,
sometimes results in the deterioration of the cleaning
capacity; whereas a temperature at the time of contact, when
higher than 800°C , causes an inconvenience that a stainless
steel is made impossible to'us‘e in the c¢leaning column,

thereby requiring a  more heat-resistant material of

construction. It is therefore, preferable to maintain the
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cl eaning colum, where the harnful gas containing a nitrogen fluoride is

passed therethrough to bring the harnful gas into contact with the

cl eani ng agent, whereby the nitrogen fluoride as the harnful conponent is
removed and thus the harnful gas is cleaned. The tenperature at

whi ch the harnful gas is brought |nto contact with the cleaning agent is

at | east ZOOE?LF% preferabl to SOQ%%rr% nore preferably 220 to
800[ err] C teRP ﬁH§FaP&ﬁ§¥ﬁ 3 9ﬂf(ﬁr Faked TARFSt over than

200 C | t t

capaci 1y: mZ?Eﬁét“%ugkﬁék‘iaet B 4R, SR L0 Bl SR L lanteg

800[ er r] C C@.H%‘Eieﬁ” o'u%cqngﬁ}ﬁ% tMosapl%] @lﬁéésséféel thé HEQSnmg

|np055|ble fo use in the ¢ |'eani ng col um ereb requiring a nore

heat -resi stgpt beﬁak%@e%d ot rCRRRIdd Prdibudd 4 &A@é@fpf@ssofgf erable to
mai ntai n the tenperature

within the abovghareﬁpéwtmvhxéﬁmf? of théltheﬂﬂhunhegséeaﬁurehabhmhtﬁé the
har nf ul gas cl eani ng is carried out is usually atnospheric pressure, the

cl eani ng craanbageprocked of tedupedspmssnveriicmdes gpebbedpe.is not The
flow velocity of the harnful gas to which the cleaning process of the
present invimited iin gpattidulas,ndut |iti tisd prefardablel shatbuthe tflew
preferable that the flow velocity be |lowered with an increase in the
concent r at vehooitynber égwrreduyiitie @anc dmcioase® iim tihe rencenrati emned.
The period of time of contact between the harnful gas and the cleaning
agent is a@1F§93?nOfSUQEédespﬁépéﬁabﬁﬁ 4n the gas to be cleaned.

The period of time of contact between the harmful gas
and the cleaning agent is at least 0.5 sec., preferably at
least 2 sec., and is suitably determined in relation to the
concentration of the nitrogen fluorides in the harmful gés,
and the like.

The cleaning column 1is designed according to the
concentration of the harmful components, flow rate of the
harmful gas and the like._It is preferable from the aspects
of cleaning capacity and heat generation accompanying the
cleaning reaction to design so that the superficial linear
velocity'of the gas ( LV ) ranées from Q0.5 to 50 cm/sec for
a relatively low concentration of the harmful componené
being lower than 0.1% ; ranges from 0.05 to 20 cm/sec for a
concentration of the harmful component being 0.1 to 1% ; and
becomes at most 10 cm/sec for a relatively high concentra-
tion of the harmful component being higher than 1% . In the
case of a harmful gas having a high concentration of harmful
components such as a harmful gas steadily exhausted from a

semiconductor manufacturing process, the general criterion
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| east 2 sec., and is suitably determined in relation to the concentration
of the nitrogen fluorides in the harnful gas, and the I|ike. The
cleaning colum is designed according to the concentration of the harnful
conponents, flow rate of the harnful gas and the like. It is preferable
fromthe aspects of cleaning capacity and heat generation acconpanying the .
cl eani ng pfadthecorsupedbsciml sdinkar tvied auipsr fofi thel gaear( owel)ocig yaef the
gas ( LV ) ranges from0.5 to 50 cnisec for a relatively |ow concentration
of the haPAsYl 1@ospds@®- being lower than 0.1%; ranges fromO0.05 to 20
cmsec for a concentration of the harnful corrponent being 0.1 to 1% ; and
becones at npsfTheo @rhawstf gasy fermedvafirer ghi kppgent ta-iflcaridef ide
har nf ul conpgnent being higher than 1% . In the case of a harnful gas
having a HF§A E8RcEALARENG, 18% %e?retﬁllﬂ°"dd{ﬁﬁﬁﬁ1é?ﬂ%u%i&¢fl%ﬂm Fppaatugas

steadily exhaustffl froma . sem conduct or manuf acturing process, the general
criterion’ ¥ contains a tungsten luoqade sqﬂh t A& s%ﬁﬁﬂ#?%ﬁaJ

I h L) 10 cm haust

a1 or melAPELp8RIBRG IR p1 ot Rt TR e o eReathicrn dretras
d f t t

i uor i de. SuaR” S80¢ oL dERBIREERLaLIs , s (s 3'8?583 HEPRacths | i con

tetra- fhyprbgden Mxdreo( %fégorggemq if nlé(ylggrgkgggf ohe Ii‘nh trogen

trifluoride. AS nention er el nbef ore e above T-neN
conponent smeABiShEH! haragw! kd%ﬁparfénwsedca.bysmﬁlebﬁaehgayp&:%Ceéeﬁn@&&é’r di ng

to the present i nventi on.
by the cleaning process according to the present invention.

Incidentally, a tungst_eh fluoride, a silicon fluoride and
fluorine can comparatively easily be removed by the use of a
cleaning agent other than stannous oxide even at ordinary
temperature. Such being the case, it is hade possible to
mitigate the load of the cleaning agent comprising stannous
oxide and at the same time, to prolong the service life of
the cleaning agent by bringing the aforesaid harmful compo-
nents into contact at ordinary temperature with a cleaning
agent other than stannous oxide to remove said components in
advance, and thereafter further bringing the pretreated gas
into contact at a temperature not lower than 200*: with a
‘cleaning agent comprising stannous oxide as an effective
componept to remove only nitrogen fluorides that are
difficult to remove with the cleaning agent other than
stannous oxide.

Examples of usable cleaning agent capable of cleéning
fluofine-bésed gas at ordinary temperature include a clean-

1ng agent comprising zinc oxide as a principal component
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I nci dental ly, a tungsten fluoride, a silicon fluoride and fluorine can
conparatively easily be renoved by the use of a cleaning agent other than
stannous oxi de even at ordinary tenperature. Such being the case, it is-
made possible to. mitigate the |oad of the cleaning agent conprising

t d d at th t t | t he th
cl eani ng héékﬁé%e%qéféﬂe%%.@%mﬁ? St A LRY | el ont act

at ordin erature with a ¢l eanin ent. ot her than,stannou ide to
v ool BB e e ie e Songtd SR dren eyl (ARG e o ¢
pretreated I-nt 0 cont act FaLWLE &N t 1 00[ C wth
a cl eanf’ﬁg(':'l nt1 cco°nﬁ’r°|"s€fnct zt 18 %ﬁ§2§m geg‘é: g‘ ]TqT ectﬁé\}grh%lo%p(g‘?]%%t to

remove ogly @?ﬁ({%% "ot i ges. g oyl 1 GaGUdord g CRPYR W dd 10

cl eani ng agén her t st'annous oxi Exanpl’es of usabl e cl eani ng
agent Caeahh‘ac%rcl.%uf\&t&émal Peobased Gas akrerdifaly WRMMEIdnde

include a clean- ing agent conprising zinc oxide as a principal conponent

[ Japanegg BatiflindPRdichld:@adst Ga@amud obhikd 595%h (dia chdniiy a

cl eani ng agent conprising strontium hydroxide as a principal conmponent [
Japanese agahenttAppki GidddNakaiad-getcedNm&V 15T (416l - Prtkedn iexhaust

gas comng froma sem - conductor manufacturing process can effectively be
cl eaned chgahinggiced v drexihaudtikeas and cheordaite i flrtdeed ket el myy
agent to be used as a pretreatnent agent and packed in a cleaning columm
or the |ithe, puutrndareatfgas fintbhernbaatgialy a temperature not lower.
than 200°C with a cleaning agent comprising stannous oxide
as an effective component.
On the other hand, in the case where an éxhaust'gas is
brought into.contact with a cleaning agent for pretreatment
which comprises for example the aforesaid zinc oxide as a
principal component and which is éapable of c¢leaning at
ordinary temperature, a fluorine-based gas containing
tungsten hexafluoride, fluorine, etc;, then oxygen is formed
as the case may be, by the cleaniﬁg reaction at the time
when the fluorine-based gas 1is removed. The resultant
oxygen, when brought into contact with a c¢leaning agent
compriéing stannous oxide as an effective component, causes
such inconvenience as deterioration of the cleaning capacity
and by-production of nitrogen oxides.
However, it is made possible to prevent the deteriora-
tion of the cleaning capacity and by—production of nitrogen
oxides even when the cleaning agent comes in contact with

oxygen by increasing the content of calcium fluoride in the

cleaning agent comprising stannous oxide as an effective
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the pretreated gas into contact at a tenperature not |lower than 200[err]C
wth a cleaning agent conprising stannous oxide as an effective conponent.
On the other hand, in the case where an exhaust gas is brought into
contact with a cleaning agent for pretreatnment which conprises for exanple
the aforesaid zinc oxide as a principal conponent and which is capabl e of
cl eani ng eempondnharand efper aflevatiagf | tlbei eenrarat yee @dnt ahichg the
tungsten hexafluoride, fluorine, etc., then oxygen is forned as the case
may be, bgxbausE| gafi h§ PEgghsnigtor Fentasd thee slemninge-3RATY gas
I's renmoved. The resul tant = oxygen, when br.qught intgecon act with a

cl eani ng agent IPc¥ASH QihgtRe ahRBEICIRAde 1ds L RFFERFRBESCHMpAitnttPLauses

such inconveni ence as terioration of the c¢leaning capacity..and

by- pr oducF#bh®oPY nFerg gn°5xis&8§.“°“s °xﬁ§\ﬁe& " ,Cé\]tc(%ilgn r@d@%’b%%iﬂ &M%
revent the deteriora-,  tion of_t cl eani capaci ty,and by-production of

Ircl)i trogen cgﬁ?ﬂégge\?gﬁ'\ﬁngﬁ’ t He &% 232%??15 Qg@ﬁt aggm?g‘ i)(:rﬁjecosna{ zfc&%n?-h tdxygen

by i ncr easlpo hheccaaLeat 06 S8 Gy kol idhddLd as 4 LAHUIGRO A Heo

conpri si ng_ Stannous € as an effective

- 16 - SQHEQQEN A DYesgd eY@%LQﬁiLQG LR atd e gb WHlGLd heys@ghaust
ught the Cleanin

gas is bro Into contact wit g agent. I'n view of the

foregoing, it h8-BrafiRGADLS ! @neel ciknindl | Qe 9hs Oftid argyuise,pxi de
to calciumfluoride in"the cleaning agent on 1. at |east 0.05 and at the

sane tinejn{@nts6h,t he LM UpEssibIBI €8 rRRoVENFUYrfish ISl kePLEkE 1 nto
contact with the <cleaning agent on at least 250[err]C.
such as nitrogen trifluoride that are contained in a gas in
high efficiency at a ;elatively low temperature. Moreover,
it is made possible thereby to remove nitrogen fluorides,
silicon fluorides, hydrogen fluoride, fluorine, tungsten
fluorides and the like together with nitrogen trifluoride
that are contained in an exhaut gas coming from a semicon-
ductor manufacturing process wherein nitrogen trifluoride
etc. are used.

In addition, it is made possible to efficiently clean
an exhaust gas containing fluorine-based harmful components
by a proce;s in which an exhaust gas 1s brought into contact
in advapce with a pretreating cleaning agent capable of-
removing at ordinary temperature, tungsten fluorides,
silicon fluorides, hydrogen fluoride, fluorine and the like,
and thereafter the pretreated gas is further brought into
contact at 200°C or higher with a cleaning agent comprising
stannous oxide as an effective component to remove nitrogen
trifluoride which 1is impossible to remove at ordinary

temperature.
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According to the cleaning process of the present invention, it is nade
possible to renove nitrogen fluorides such as nitrogen trifluoride that
are contained in a gas in high efficiency at a relatively |ow tenperature.
Moreover, it is nmade possible thereby to renove nitrogen fluorides,
silicon quorrdes hydrogen fl uoride, fluorine, tungsten fluorides and the

li ke together It ht HFtrSQéH°WﬂPﬂvuoﬁnﬁa RTEFent o LBKEAFHRR i Hidd ePRaut

gas coming froma_sem con- ductor nuf act uri roce s wherein ni.t rogen
(7111 vor (GRCERSaarthudbtee detai ] Jdh | GEETHINSE ke posgab i

efficientl cI exhaust gas _contain uorrne bas har. nf.u
conponent p?%@eggr?ﬁnﬁhgﬁﬂmggeﬁxh§h§?hga§we§95rSuaﬁ Pﬁfolégﬁfact
in advanc mnth efreatin ani agent capabl e of renoving at
ordinary np% %f%?é ﬁﬁég gﬂ # ﬁﬁr?ge silicon fluorides, hydrogen
fluoride, fluorine and the like, and thereafter the pretreated gas is
further brought into contact at 200[err]C or higher with a cl eani ng agent

conpri si neus oxi de as an-effective conponent to renove nitrogen
np Bl amp P& NOH

trifluori s inpossible to renmove at ordinary tenperature.
- 17 - I Pot heedhbOW Nekidde Wresdided NUBAL inaikoM IHuRe cHemdliciahed in

nore detail with reference to conparative exanples and working exanpl es,
whi ch hovew@isehaés 0ed.)inid ahhampuéterit | MWe0yi Onalshesd®iad 65 gExampl e 1
water with stirring. The cake thus obtained was extruded
with an extruder through a 1.6 mm diameter nozzle 1in a
nozzzle plaee and the extruded product was cut into pellets
having a length of about 3 to 5 mm. The resultant pellets
were dried by heating at 120C for about 12 hours in an
atmosphere of nitrogen to pfepare 600g of a cleaning agent.
Subsequently, the resultant cleaning agent was packed in
a stainless steel-made cleaning column having an inside
diameter of 15.7.mm and a length of 200 mm up to a volume of
19.4¢ ( packing length of 100 mm. ). and was maintained
under heating at 230°C with a muffle furnace, while helium
gas was passed through the c¢leaning column. Thereafter
helium gas containing 1000 ppm of nitrogen trifluoride was
passed through the cleaning columﬁ under atmospheric
pressure af a flow rate of 580.8 al /min ( superficial linear
velocity LV of 5 cm/sec.), while a measurement was made of
the concentration of nitrogen trifluoride in the gas at the
outlet of the clean- ing column by means of.a detector for

nitrogen trifluoride available on the market {( produced by

Bionics Instrument Manufacturing Co., Ltd. under the trade
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To-stannous oxide ( produced by Wako Pure Chemical Industries Ltd.) in an
anmopunt of 1000g was added 65g of water with stirring. The cake thus
obt ai ned was extruded wi th an extruder through a 1.6 mm di aneter nozzle in
a nozzzle plate and the extruded product was cut into pellets having a

|l ength of about 3 to 5 mm The resultant pellets were drled by heating at
120[ err] ®@3wg" afit4 Y0 hdidr sdi-n ARUsat FBEpheE ik nithT é’FepEPE 6009

of a cl eanjng agent. Subsequently, the resultant c]eani ent . was
packed|IP1%F%ﬂ%ﬂnFEé§1§Péépew§ Febrmyre % E*nQﬁﬂﬂﬁéfQﬁl{ﬁg' gint

di anet er 15. 7 an a Ie th of 200. mm u
packi ng | gﬁ*ﬁ?ﬁw Nojs) e has ﬁ%fn?alngdnltr genhea%9%§°5%d§3bferr]c

bol uma. A Gadd PaE ?«Y”“*réggéﬁ%%%ﬁ*%?%g%ﬁ@féﬁﬂ B S Tl T uor e
was passed tg%,g&i.ghtr#;er&é.?fggngfcaw wg%eégnpﬁ.ngﬁ{a'Cthergiaaﬁgnat a

flow rate of uperficra | near ocity LV of 5 cnmlSec.),

while a negsil S0P viRSmdBde Che tﬂ}%act@acwtfﬁda{l ©f i £ (6 PHEE aggfhaorl de
in the gas at the outlet of the clean- ing colum by neans of det ect or

for nitrogedy tpi)f | peri daeavai |l endnclbaniBgk g@n&r qdugggl BMtth@Bl cs
| nst runment Nhnufacturlng Co., Ltd. under the tra

- 18 - gmiagogreTyivan iMuBabli&el. break through tine for
ni trogen trifluoride was determ ned by regarding the point of tinme.when
t he concent- rmii aadotisoht r a@asrenidnta i wkere nmalbe afastheachaded@rppm as
t he break through point.
tions of nitrogen and oxygen in the gas at the outlet of the
cleaning column after '120 minutes from the start of the
cleaning experiment by means of gas chromatography with a
heat conduqtivity type detector{ lower detectidon limit of
10 ppm for nitrogen and oxygen). At the same time, measure-
ments were made of the the concentrations of nitrogen
monoxide { NO ) and nitrogen aioxide( NO, ) in the gas at the
outlet of the cleaning column by means of a detector for the
separation and determination of nitrﬁgen oiides( produced by
Gas Tec Co.,Ltd., lower detection limit of 1 ppm for NO, 0.5
pém for NO; ). The results are given in Table 2, in which
neither oxygen nor a nitrogen oxide was detected.
After the completion of the cleaning experiment, an
obsefvation was made of the cleaning agent in the cleaning

column. As a result, disintegrated or powdered cleaning

agent was not recognized.

Example 2

To stannous oxide in an amount of 1000¢g was added a
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Fromthe results of the above measurenent, the cleaning capacity( vol ume
of the treated nitrogen trifluoride gas in liter (| ) per one | of the
cl eaning agent ) was obtained. The results are given in Table 1. In
addition, neasurenents were made of the concentra- tions of nitrogen and
oxygen in the gas at the outlet of the cleaning colum after 120 m nutes
fromthe sthutioh 6He50¢l eafii pgtaxpséummEduolry desfakF ,0fr egagenithr gusragr-aphy
with a heat conductivity type detector( |ower detection |imt of 10 ppm
for nitroyeed agdadrygarodugrd the Kanbot Chemigads fe-, Imentls wer e 6hegle of
the the concentrations of nitrogen nonoxide( NO%Li and nitrogen di oxi de(
NO err] )of nwahergydtht stierifg Sfhofcakr EPvanPhR§adpsrGmwasy axddisdest a
detector for the segaration and deternination of nitrogen oxides( produced
by Gas Tetthoan tgxtruges, treugho? | i'mPt P f’ﬁﬂ]ﬁtf% Rezzdes 1Bpd f or
NOJ err] ). The results are given in Table 2, _in which -neither o en nor a
it r ogen M3 4L faBlabee s the. extydhd (RES QI BRF ofuB PG AeLiRGRy
experinent, an observation_wa de, of the clegpi ng_age in the .cleaning
col um. V”égrgsf]llef",gatlhi 8an’Z’é’rr’T"§t el %)? EO\M'e'r gﬂ"%l Esgf’%a“ggé’él\ﬁé‘? not
recogni zed. Exanpl g 2 . To sta oxide in an nt of 100Q was
added a “ere drlég)by heathg aEHW%&ﬁ éog ﬂgqu ?ggﬁﬁ ﬁﬁl%& 9 of
pot assi u ' : , +gu -__teed grade, to
e oal ”AC%J.A’%%QP% JI&; n%ﬁ%QSQB t3UBL3Pare! 886 JO' 3%Ca RAUUNGEHY RGN
' Subsequently, the procedure in Example 1 was repeated to
carry out gleaning experiment by passing a harmful gas
containing nitrogen trifluoride through the cleaning column
except that the temperature of the cleaning column was set
at 350C . The results are given in Table 1.
Moreover, in the same manner as in Example 1, analysis
was made of the treated gas at the outlet of the cleaning

column after 120 minutes from the start of the experiment.

The results were same as in Example 1.

Table 1

Exam914 Kind of (Pemperature | Break through| Cleaning capac—.
No. cleaning (°c) time (min) ity(e2 /2
agent _ cleaning agent)
1 SnO 230 1537 46
2 SnO+ KF ~ 350 1935 58
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of .water with stirring. The cake thus obtained was extruded wth an
extruder through a 1.6 nmdianeter nozzle in a nozzzle plate and the
extruded product was cut into pellets having a length of about 3 to 5 mm
The resultant pellets were dried by heating at 120[err]C for about 12
hours in an atnosphere of nitrogen to prepare 600g of a cleaning agent.
Subsequently, the procedure in Exanpmébﬂ repeated to carry out

cl eani ng experinment by passing a harnful gas ' containing nitrogen
trifluoride through the cleaning colum except that the tenperature of the

cl eaning colunn_was set at 3b50Jefr[C . The results are glvVv 1.n. Tahl e 1.
Mor eover, in thglggné’%rrﬁ‘ﬁﬁér"rzf i h E?mngrftlé’r?alo sicsomp\%ﬁ‘§%n%a 3, b"_'!the
treated gas at the outlet of the ¢leanin ol af t er 1 Nu from
the start of th&°BRPEAMrent. The ré‘g:ulot@:l\ﬁg:r é’bygné:r%eeaé's'"'lgi%lamr'r'{ph {ﬁ%)
Table 1 Exanpl e ,Ki nd of Tenperature Bregk 4 hrough "l eani ng capac-,
No. cl eani ng (Pérr]ca ti me(mn) rtyC I /| agent
cl eani ng agent) SnO 230 . a;g¥7d tected 46 2
SnO+ KF 250 % 19035 5g "9 stected)
- 20 - NO Tabl e 2 n.d Kind of neasured
Concentrati on of conponent in gas conponent at outlet of
cl eani ng colunn(ppnhoz n.d

Example 3

The exhaust gas generated under the condition wherein
plasma cleaning Qas carried out by using nitrogen trifluo-
'ride, in a CVD apparatus which formed silicon films by the
use of silane( SiH, ) was diluted with nitrogen so that the
concentration of nitrogen trifluoride £fed to the CVD
apparatus corresponded to 1000ppmT Thus, measurements were
made of the concentrations of the harmful components in the
diluted exhaust gas by means of a detector tube for hydrogen
fluoride ( p?oduced by Gas Tec Co.,Ltd., lower detéction
limit of 2.5 ppm for F,, 0.25 ppm for HF ). In addition;
analysis was made of the concentration of nitrogen trifluo-
ride with gas chromatography ( lower' detection 1limit of
10 ppm ) . The results are given in Table 3.

The diluted exhaust gas was passed through the cleaniﬁg
column to clean under the same condition as in Example 1.
Thus the break through Ltime for niltrogen trifluoride was

determined by regarding the point of time when the concent-
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N err] ' 550 gerr] n.d (not
det ect ed) NO n.d NJ err]

n.d Exanpl e 3 The exhaust gas generated under the condition
wherein plasnma cleaning was carried out by using nitrogen trifluo- ride,
ina CVD apparatus which formed silicon filnms by the wuse of silane(

SiH err] ¥akdendioffutdd-ngaen nt £ bheer sde t AgespRed wdtded rdgtestons in
nitrogen trifluoride fed to the CVD apparatus corresponded to

1000ppm ¥RBsIagedsutbrets lfsr f fhfe IraAHE L ST disdrReds 19 RP™ar nf ul
ts in th di | d h t b f t ect t ub
T T R e g

of 2.5 ppmifqr Flerr], 0.25 ppmfor HF.). ln_addition, al ysi s s made
of the coﬁcef%tur"éctlingn STES nrdggoe?l ﬁ‘l’?fﬁ)&? w?ls'deev‘\:/ietrﬁué‘éas chr of ?%%?%"ﬁy (
| over det @g&.' ggilnltmotf Q:fimelqoltp&m%}'\e-r@gn&ﬁﬁﬂl—tSr?li:q.ogl' W 4 T@P&&ﬁ-re

e clean

The dilute haust gas was passed through the cleaning colum to

under the.gg uﬁend&i%@&iﬁ@maﬁbéa wEfwﬁ_faheaéesé'&p&hreyga_ tgge for

nitrogen tritluoride. was determned by regarding the point of tine when

the concefydrogen fluoride, in the gas at the outlet?bf thd Ai&hA
nitrogen trifluoride neasured with a detector, in the gas at the outlet of

the cl eantBguffll v&Bcheached PpmiPAls the bRk adleduyPysi do) Ntror @t the
break through tine for
results of the break through time, there was obtained the
cleaning capacity which was denoted with the volume of the

nitrogen trifluoride fed to the CVD apparatus. The results

are given in Table 4.

Table 3
Harmful component Concentraﬁion( ppm )
NF, ' 128
F,, HF or SiF, > 100

[Remarks] The detector tube for hydrogen fluoride has
detection sensitivity for silicon tetrafluoride

in addition to hydrogen fluoride and fluorine.

Table 4

Examplé Kind of Temperatur% Break through | Cleaning capac-
No. cleaning (°C) time (min) ity (2 /¢
agent cleaning agent)
3 Sno 230 1871 56
"



a fl uorine conpound or fluorine was determ ned by regarding the point of
ti me when the concent- ration of the fluorine conpound or fluorine
measured with a detector tube for hydrogen fluoride, in the gas at the
outlet of the cleaning colum reached 2.5 ppm as the break through point.
Fromthe results of the break through tinme, there was obtained the

cl eani ng Expapiley 4bhi ch was denoted with the vol une of the ni trogen
trifluoride fed to the CVD apparatus The results are given in Table

Tabl e 3 TppsHAANUBHpRKREge in an am°EBﬁc&ﬁr%§§%n(aBﬂnﬂf59 ot *

NF[ err] [ HF or

> 100 calch@naFllé‘]“’?‘ﬂ& (def:églzor Pﬁﬁguﬁ?;h rod’@*“qu}bﬁ' e(ﬁ'l’fé'b al

det ecti on_ sensi IVIté f.or S|I|c‘§)ed tetra{luorlde add|1|on to

hydrogen FRBBFRESTARE ) u8PFnd a utidn8f 255 of puths

(E[Xgm S " fofhackoThE! A UG K ub LAYl SUNLT FRBAGEea"By Karﬁ!oeani ng

C' ea“' 'ng 13c I 7830 of waterl&fidth sti
@8\“&%3 O., n$ Clt anhous gX| o] water S 1rrln

s
de in an anmount of 855g and 1459 of
cake thus obtained was extruded with an extruder through a

2.0 mm diameter nozzle in a nozzzle plate and the extruded
product was cut into pellets having a length of about 3 to 5
mm. The resultant pellets were dried by heating at 120C for

- about 12 hours in an atmosphere of nitrogen to prepare 600g¢g
of a cleaning agent.

Subsequently, the procedure in Example 1 was repeated
to carry out cleaning experiment by passing nitrogen gas
containing 1000 ppm nitrogen trifluoride through the
cleaning column except that the temperature of the cleaning

column was set at 270°C . The results are given in Table 5.

Example S

The procedure in Example 1 was repeated to carry out
cleaning experiment except that the cleaning agent as’
prepafed in Example 4 was used, that the temperature of the
cleaning column was set on 270%C and that nitrogen gas
containing 1000 ppm nitrogen trifluoride and 1000 ppm
tungsten hexafluoride was passed through the c¢leaning
column. The results are given in Table 5. Singe the nitrogen
trifluoride and tungsten hexafluoride were both removed

before the break through point, and tungsten hexafluoride
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cal-cium fluoride( CaF[err], produced by Hakutatsu Chem cal Laboratories )
was added a solution of 25g of potassium fluoride( KF, reagent,

guar anteed grade, produced by Kanto Chemical Co.,Inc. ) in 75g of water
with stirring. The cake thus obtai ned was extruded with an extruder
through a 2.0 mmdianmeter nozzle in a nozzzle plate and the extruded
product weentainedu oipeldns smpderndea IHupoing abems Iwises these The
resultant pellets were dried by heating at 120[err]C for  about 12 hours in
an at nospie enetequle ogénnisreoepars! rigte 5 theanl agnigencapacity
Subsequently, the procedure in Exanple 1 was repeated to carry out

cl eani ng B ePKRERESBY Py stRYMS t?r%géheg&m%v aPRPHE 1 Béﬁf‘ﬁﬁﬁf‘ogen

trifluoride through the c]eaning colum except. that the tenperature of the
cl eaning © ﬂ‘fﬁf%/é% g@f é*m;’r;o‘['&rr] e ‘Fﬁgmr‘%gul ta§'°é‘|"3: gf’%en%f‘ﬁg‘fiiﬁf’e 5.
Exanpl e % £ The grocedure in Exanple 1 was repeated to carry out

cl eani ng eé??pe]r?%]hq “except that the <cleaning agent as prepared in

Exanpl e 4 was used, that the tenperature of the cleaning colum was set on
270[err]C and that nitrogen gas containing 1000 ppmnitrogen trifluoride

and 1000 @ﬂpfémgsten hexaf | uori de was passed through the cl eaning
col um. are given in Table 5. Since the nitrogen trifluoride

and tungsten Nl bUGELAG-ECTIS Doking POOYCdad el apgatla WePakatsy OHOR

poi nt, and tungsten hexafluoride
23 - cleaning experiment except that the c¢leaning agent as

prepared in Example 4 was used, that the temperature of the
cleaning column was set "on 320°C and that nitrogen gas
containing 1000 ppm nitrogen trifluoride and 1000 ppm
oxygen was passed through the cleaning column. The results
are given in Table 5. In addition, analysis was made of the
gas at the outlet of the cleaning column after 120 minutes
from the start of the experiment in the same manner as in

Example 1. The results are given in Table 6.

Table 5
Example | Harmful component| Temp., Break .Cleaning capac- .
No. kind gconé.(ppm) (C)| through ity{e /¢
o time (min)| cleaning agent)

4 NF, 1000 270 1098 33
5 NF; + WF,i 1000 270 785 71 (NF, 23.5

for each WFs 23.5)
6 _ NFs + 0, 1000 320 1170 35

| for each
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contai ned, in one nolecule, fluorine atons twi ce those in one nol ecul e of
nitrogen trifluoride, the cleaning capacity was expressed in terns of the
renoved anount of nitrogen trifluoride by doubling the renoved anmount of
tungsten hexafl uori de. Exampl e 6 The procedure in Exanple 1 was
repeated to carry out cleaning experinent except that the cleaning agent
as prepared in Exanple 4 was used, Tapkg e tenperature of the cleaning
colum was set on 320[err]C and that nitrogen gas containing 1000 ppm
nitrogen trifluoride and 1000 ppm oxygen was passed through the cl eaning

| . Th Ul ] Dl 5, ddpt d
of the gas alififh W BeASHIST he (SRIGTREE 26T ofn ks FBRPEBRRK R0L 282 1 om
the start of th%|e4E§rinent in thqaéq@@tfggngg gfegningxgggkﬁgﬁgpgye

a

results are giSIPI T Yabl e 6.

Exampl e Harnful c¢pnponent Tenp. Fpgak Cl'eani ng capac- No.
ki nd conc. (pPm ([err]C | through rty(l /1
time(mn) cleaningagent) 4 NF[errj}.q 1000 270
1098 33 5 NF[ err] +WF[ err] 1000 . 270 785
71(NF[err] 23.5 no, for each.q WF[ err]
23.5) 6 NE[err]+Qerr] 11000 320 1170 35
for each - 24 -

Example 7

To stannous oxide_in an amount of 750¢g and 250¢ of
calcium fluoride( CaF,;, produced by Hakutatsu Chemical
Laboratories ) was added a solution of 25¢g of potassium
fluoride ( KF, reagent, guaranteed grade, produced by Kanto
Chemical Co.,Inc. ) in 90g of water with stirring. The cake
thus obtained was extruded with an extruder through a 2.0 mm
diameter nozzle in a nozzzle.plate and the extruded product
was cut into pellets having a length-of abéut 3 to 5 mm. The
resultant pellets were dried by heating at 120°C for about
12 hours in an atmospheré of nitrogen to preparé 600g of a
cleaning agent.

Subsequently a pretreatment column for the treatment of
fluorine-based gases was'constructed by packing 38.8 md of
a cleaning agent comprising as the effective component, zinc
oxide ( 869% of zinc oxide, 59 of potassium oxide and 99%
of alumina) up to a packing length of 200 mm, in a stainless
steel-made cleaning column having an inside diameter of

15.7 mm and a length of 300 mm. The above-prepared cleaning

—924— This Sheet Has Been Replaced




Table 6 Ki nd of measured Concentration of conponent in gas

conponent at outlet of cleaning colum(ppm gerr]
980 NO n.d NJ err] ,
n.d Exanple 7 To stannous oxide in an amount of 750g and 250g

of calciumfluoride( CaF[err], produced by Hakutatsu Chem ca
Labor at or PE€N} FRBPZA&dAIa SEFNROUSH oFldes@s Sthe fbfagtiie qamranant krF,
reagent, quarant eed, gr ade, Eroduced g%tKanto - Chemi cal CQ.,Inchgh'in 90g of
wat er wi t K38t PAGKRE “Hhe cGkBANERES SEHUEM P Ms2 @ xFPBGed iR ™ Sextr uder

th h 2.0 [ | e | I | at dth truded
U <GB eOuR of) ST B2l BRSPS e orL v

| t ant | i by h | 1 f t J '
ool 2t pell Bt 1 ) WoGMOAR s 1 EENSLELELLEr P Riondli e

Subsequengl ¥ g fgeate@t%ﬁé%gg%%agsﬁ 853 LhEALMRN KA pdddiAh iR RiRed

gases was consfructed by packin ani ng agent conpri sing as

the effeckhYGmAQMRPRBAN! nitirRgen0yade ce_n%@%anngzifuboo?'&d@ nithdfePUAISI UM
oxi de and 9% of alumna) up to a packing | ength of O mMm in a stainless

st eel - made1gbeadeNg aobomMppavi B4 1aRonnsitdd rdifaiRiraded! ankd. 7000 afgpnd
| ength of 300 mMm The above- prepared cl eaning
fluorine was passed through the pretreatment column kept at
ordinary tempefature and the post-treatment column kept at
320C to carry out cleaning experiment.

In addition, analysis was made of the gas at the outlet
of the pretreatment column and the gas at the outlet of the
post-treatment column after 120 minutes from the start of
the experiment in the same manner as in Example 1. The
results are given in Tables 7 & 8. The cleaning capacity

for nitrogen trifluoride in the post-treatment column is

given in Table 9.

Table 7

Kind of measured | Concentration of component in gas
component at outlet of pretreatment column (ppm)
NF, 1010
SiF, or F, n.d
0, - 650
NO n.d
NO, .n.d
—95— This Sheet Has Been Replaced -
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-.25 - agent conprising stannous oxide as the effective conponent was
packed in a cleaning colum sane as that in Exanple 1, for use at
320[err] C as the post-treatnent col um. Thus, cleaning equi prent was
constructed by connecting wth piping, the pretreatnent colum and the
post-treatnment colum. Then, nitrogen gas_cont ai ni ng 1000 ppm nitrogen
tri- fluoride, 1000 ppm siliconTabder &l uoride and 1000 ppm
fluorine was passed through the pretreatnment colum kept at ordinary
tenperature and the post-treatnent columm kept at 320[err]C to carry out

cl eani ng expeTimeEnt. A ition, anal ysis was nade of. the gas at the
outlet of theKpPeiPEaPRBAMTES %ﬂ"&ﬁ&tfﬁg‘l é‘s °;Et Ct"r‘l'@%l?tr\tetlnofga}%east

t-treatment colum after 120 minutes fromt jyment
'n"the sane mERRBPOREREN Bxampl ko Lt P! [ ERBFLE® aAmeRt. dln Bt 7"

8. The cl eaning capgcity for njftrogen triflugride in the post-treatnent

colum is given In*Table 9. Table 7
Kind of nmeasured g;p. ofOpCENtfation of coppgnent in gas conponent
at outlet of pretreatfent cdl unn(ppm NF[ err]
1010 Singrr] or Flery] ' n.dsgsg gerr]
650 ~NO n.d NO err]
n.d NO n.d
NO, n.d
Table 9
Example; Harmful component| Temp. | Break Cleaning capac-
No. kind E conc. {ppm) (°C) | through ity(2 /2

.
mmasaue

time (min) cleahing agent)

7 NF,+ SiF, i 1000 | 320 1472 44

+ F, each

Example 8

The procedure in Example 1 was repeated to carry out
cleaning experiment except that the cleaning agent as
prepared in Example 4 was used, that the temperature of'the
cleaning column was set on 300C and that nitrogen gas
containing 1000 ppm nitrogen trifluoride waé passed through

the cleaning column. The results are given in Table 10.

heet Has Been Replaced
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- 26 - Tabl e 8 Ki nd of measured

Concentration of conponent in gas at conponent outl et of
post-treatment col um(ppm NF[ err] 0
SiF[err] or F[err] n.d gerr] 550
NO n.d NJ err] n.d
Table 9 Exa Har nful conponent Br eak

tcjhfgﬂéﬂg Ca|pta§%l‘|o /sfl\tl:oannous lé;:rllge in an amount of pP(r)TBO (Le”%‘i

?_Ll(;gm ng ag?h& on oE 25¢ o %ror +SI‘F er{luor\ég% in 70Exa%|v§atgar with The
procedur e |n Exanp e epe ed to anr out _ cl eapi xp nent
except t h&E FRE"8I eal %ﬁg gggﬁt géusprg ?eﬁan E?anp?ég §§§ uéed! tHat the

tenperat uLg, 95d£?068 H? X rogeﬁﬂ?dﬁﬁﬂé%ﬁr‘H%é%%ggﬁ{]c roug‘p{%égoge”

gas contalnlng uori de was passed

cleaning galhuMPhe ThELLSELE S fatit/eRakn d@P! &b pellets having a

length of about 3 to 5 mm. The resultant pellets were dried
by heating at 120°C for about 12 hours in an atmosphere of
nitrogen to prepare 600g of a cleaning agent.
Subsequently,the procedure in Example 1 was repeated to
carry out cleaning expgriment éxcept that the above-prepared
éleaning agent was wused, that the temperature of " the
cleaning column was set on 300C and that nitrogen gas
containing 1000 ppm nitrogen trifluoride was passed through

the cleaning column. The results are given in Table 10.

Table 1O
Exampleﬁ Kind of TemperaturerBreak throughICIeaning capac-
No. cleaning - {C) time (min) ity (€ /¢
agent cleaning agent) )
8 SnO+KF+CaF, 300 1411 42
9 SnO+KF 300l 1198 36

Comparative Example 1

To stannic oxide ( Sn0O,, reagent, gquaranteed grade,

produced by Kanto Chemical Co.,Inc. ) in an amount of 1000g
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- 27 - Exampl e 9 To stannous oxide in an amount of 1000g was added
a solution of 25g of potassiumfluoride in 70g of water with stirring.
The cake thus obtained was extruded wth an extruder through a 2.0
nm di anmeter nozzle in a nozzzle plate and the extruded product was cut

- into pellets having a length of about 3 to 5 mm The resultant pellets

. were dried by heating at _120[Lerr]C.f abo 12 hours in h of
_ nitrogen t8%Fr e%‘g‘?%éG g58#“'gg"c‘:’lnea‘?]‘l‘S nég’oaﬁeng%- bo as§ﬁ5§eqﬁ%ﬁ¥?ﬁe%ﬁ

- procedure |j | e %g;egfat CAg g Cl gani RYne¥Pe IR cal
except tha%gf-=l eaggoveg?uprepare c?ggﬁgﬁg gent was ulggd, tﬁat the 3

t enper at urg,0f rhie 0)'3I 631 BY ,COl YFN YaseSelyi®h 3QRLerhihG.andnt hade Nisaegen
gas containing 1000 ppmnitrogen trifluoride was passed through the

cl eani ng cehhAar iBeiheEihhnplal @ ,JitkR) ddsutdet l@ake was formed into a
Tabl e 10 Exanpl Ki nd of Tenperature Break through C eani ng capac-

No. cl ensangng apentC)  tine(mn) ity(l /1 agent ,
cl eani ng agent) 8 SnO+KF+CaF[ err] 300 1411 42 9
SnO+KF B80Ghe usdl198 this cleani§ agentComplaraning Expeplisebt
To-stannic oxide ( Sn(err], reagent, guaranteed grade, produced by
Kanto Cherwaal <arried. 9utn BeranpurhaxmfydQOgas containing nitrogen

trifluoride in the same manner as in Example 1. In addition,
analysis was made of the concentration of the harmful
cnmponents in the gas at the outlet of the cleaning column
after 120 minutes from the start of thé experiment in the
same mannér'as in Example 1. During the exprimental period
. it was possible to remove nitrogen trifluoride but a large
amount of nitrogen oxides were by-produced in concentration
exceeding the TLV-TWA, whereby the cleaning experiment was

discontinued. The results are given in Table 11.

Comparative Example 2

To manganese dioxide ('Mnoz, reagent, guaranteed'grade,
produced by Kanto Chemical Co.,Inc. ) in an amount of 1000g¢g
was added a solution of 50g of potassium fluoride( KF ) in
65¢ of water with stirring. In the same manner as in
Example 1, the resultant cake was formed into @ cleaning
agent.

By the use of this cieanig agent, cleaning experiment
was carried out for a harmful gas containing nitrogen
trifluoride in the same manner as in Example 1. In addition,

analysis was made of the concentration of the harmful

- This Sheet Has Been Rerlaced .
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- 28 - ] was added a sol ution of 50g of

pot assi um fl uoride( KF, reagent, guaranteed grade, produced by Kanto

Chem cal Co.,lnc. ) in 65g of water with stirring. |In the sane

manner as in Exanple 1, the resultant cake was formed into a cleaning
agent . By the use of this cleanig agent, cleaning experinent was
carried owbnip@neht¥rid uthgagasonitaithergoatlebgefi the idlemminie colume sane
manner as in Exanple 1. In addition, anal ysi s was made of the

concent r atsifaerof 12dembaunksl fraonpoeaestaritn dhetigas experlimendt [in bhet he
cl eani ng col um after 120 mnutes fromthe start of the experinment in the
same manneRmEs mankanpse ih, Exanpke t he Bypingerhsel gxptigtental pgsiod
possi ble to renove nitrogen trifluoride but a | arge anmount of nitrogen
oxi des meﬂ@lﬂﬁ%weqeeéulﬁnt@omﬁﬂﬂ?%lmbﬁrog%ﬂcééd%ﬁg°FHéGT@wtnﬂx19ﬁ%?eby

t he cl eani ng experinent was di sconti nued. The results are given in Table
11. Comeanndt vl EkhRpgen2oxides yeregRyaRIQAYUk| HR FoRReEFafion
reagent, guaranteed grade %roduced by Kanto em cal Co.,lnc. in_an
amount of KSR LRstheIddLVa §&ﬂﬂWQﬁF%%YSEBeoF SOPADG FEHSTANTUR(YRE ) in

65g of water with stjrring. In the same nmanner as . in anple 1, the
resultantqﬁﬁ&?“ﬁ%?W?#Tnipéhﬁ?fé;Qﬁeﬁﬁﬁrﬂfv%ﬁehT.@abie '8y the use of this
cl eani g agent, cleaning experinment was carried out for a harnful gas
contai ning nitrogen -

Comparative Example 3

Cupric_oxide ( Cuo; reagent, quaranteed qrade, produced
by Kanto Chemical Co.,;nc.‘) was molded into pellets having
a diameter of 5 mm and a length of 5 mm by the use of a
tableting molding machine. The resultant pellets were made
into a crushed product having'a particle diameter of 3 to
5 mm. By the use of this crushed product as the cleanigqg
agent, cleaning experiment was carried out for a harmful gas

' containing nitrogen trifluoride in the same manner as in
Example 1. In addition, analysis was made.of the concentra-
tion of the harmful components in the gas at the outlet of
the cleaning column after 120 minutes from the start of the
experiment in the same manner as in Example 1. During the-
exprimental period it was possible to remové nitrogen
trifluoride but a large amount of nitrogen oxides were by-
produced in concentration exceeding the TLV-TWA, whereby the
cleaning experiment was discontinued. The results are éiven

in Table 11.
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trifluoride in the sane manner as in Exanple 1. In addition, analysis was
made of the concentration of the harnful

-.29 - conponents in the gas at the outlet of the cleaning colum after
120 mnutes fromthe start of the experinent in the sane manner as in
Exanple 1. During the exprinmental period it was possible to renove
nitrogen tr'fluorlde b a Ifre anount of nitrogen oxides were

by- produced o Re28&%ceedi ng the TLV-TWA, whereby the cl eani ng
experiment was ﬂscgi‘ééﬂi‘ﬁg %Qgt QEJ:'Q eslz@i:gblg' %§4 'H'?J I%qll‘?:eljavallable

Conpar ati ve Exa rc oxi reagent guar ant eed gr ade,

duced |
produce Of@lsxﬁ;iﬁimu anﬁh@éﬁ engt%\.\cf'éélcby)l‘{%§aﬂan_%l'e&t eaRalivals dwvid.)a

di anet er 5 mm by the use of a tableting m)ldlng
machi ne. The rgsdll 6 Ol bRESLYRER WRABed b1 Pe€r WaDEH RBAdWUCAiAddYr a
particle dianeter of 3 to 5 nm By the use of this crushed product as the
cleanig agenti.sl®AnaAg axpRnigtiNtofas €ar rs ash puandochamiaalf Wonghssi-
containing nitrogen trifluoride in the sane manner as in Exanple 1. In
addi ti on, ahanydys weEsghtadomidthing ont e5096- oft mangahesiee diaiide ( MnO,
conponents in the gas at the outlet of the cleaning colum after 120

m nutes frpm 22 %t @ft cofprtite cxeidmr{n@w® ) n 1ReS5%nefnmagaesiym wx@Edenfl e
1. During the exprinental period it was possible to renmove nitrogen
trifluori ddgPlit a2-f%e afroabumdnum axigih(okides \}veraé"doy:’*% pPSdG’ Iisn
concentration exceeding the TLV-TWA, whereby the_ cleanin eri nent was
di sconti nuBd. thRe p&suPfs Hhis grdegnig agent, cleaning xperiment was

carried out for a harmful gas containing nitrogen trifluo-

ride in -the same manner as in Example 1. In addition,
analysis was made of the concentration of the harmful
compeonents in the gas at the outlet of the cleaning column
after 120 minutes from the start of the experiment in the
. same manner as in Example 1. During the exprimental period
it was possible to remove nitrogen trifluoride but a large
amount of nitrdgen oxiées were by-produced in concentration
exceeding the TLV-TWA, whereby the cleaning experiment was

discontinued. The results are given in Table 11.

This Sheet Has Been Relpla

" IITWINT




in Table 11. - 30 -

Conparati ve Exanple 4 The cl eani ng agent used herein was Hopkalite
avai l abl e on the market( produced by N ssan Grdler Catalyst Co.,Ltd.)

in the formof extrusion nolded pellet which had a di aneter of 1.5 mm and
a length of 3 to 5 mm and chem cal conposi - tion by weight consisting of
50% of nmanganese di oxi de( MhJ err] aéw £249%; of cupric oxide ( CQuO),

12. 5% of magnesi um oxi de( MO , 13' ‘% of aI um num oxi de( Al[err]Jerr] )
and 3% of others. By the use of this cleanig agent, cleaning experinent
was carried out for a harnful gas containing nitrogen trifluo- ride_in
the same me@eRp. 2y kinExX8#Pkeedn-! c@@@etdmtlorarwd Wed EmFGB ESpioRént e
concentration of tlhe harnful conponents in the gas at the outlet of the
cl eani ng cobxafplelafter i3Q Hgantep atr et iMrdlainide expeatn (Epam) i N t he
same nmanner as in |Exanple 1. Duri ng—t-he—expr-rental—peri-od—=—t—was—
possible to renoveg nitrogen triflupri 8 but a |argé0; anpbunt ofNR§ trogen

1 d ahbyvynedduaocand N oo~ ot on. . aoNlaaa diaa b Tl \I T\AI\ whaoar oh
OXI es V\er A>3 uy PI‘ \C Ay | LELEL AYAYARAVAI R LY Ml. l U'l AUV UOCUUT ||U LA Y2 T vy, VALBLAY v v 4

t he cl eani ngl exper|i @@ was di scopti P@@0 The resut+d are givem.dn Table
11.

2 MnQ, > 200 n.d n.d
3 CuO > 200 n.d n.d
4 MnO, - CuO > 200 n.d n.d

MgO b Alz Os
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cl eani ng col um( ppm efr]
NF[ err] 1 Sng err] > 200 n.d n.d 2
Mh( err] > 200 n.d n.d 3 CuO

> 200 n.d n.d 4 Mderr] . CuO > 200

n.d WHAT LS CLAIMED Lﬁ@). Al[err]err] -

- 32 -

which conprised BriT4Thg

Concentration of harhful conponent s Tg()[aﬁpllel CorﬁUlmumlmllﬂ[lllgumgt of
NO * [ L M Nﬂ

TS GHLIED LS. dcinind BT SSSIRIOT gL opRin Saa . oo

al ning-a ast one ne r

sel ected f rou | st of _ ni fluori t S
612%%{3% gf?ugtﬁ&%gé{’fhy roge% #%%??@% aérlljg ?%%%?i n%n%“gé?ncboerﬁ act

fluori des,
Wth a cl ead OG89 Hr o PhL S| upSt@@Hgiééti’ﬁbdeoiglsni‘Er@EEECtﬂl‘{R:ﬂi'HHse,di ent

at a tenperature of 200[err]C at "the | owest.

- The process for.

cl eani ng adifsterh H8S0AL8857I 8918 0onCERUBriles , Wh§idRidgen T9 udtaldd Wnd gas
contains nitrogen trifluoride. 3 - The process for cleaning a harnful

gas accor dingotitne C fito 1 sdntdct udii eonMulieanindie dyeit eaiompiti sSirep of

stannous oxide as an effective ingredient at a temperature

of 200C at the lowest.

2 . The process for.cleaning a harmful gas according to

Claim 1, wherein the harmful gas contains nitrogen

trifluoride.

3 . The process for cleaning a harmful gas according to
.Claim 1 which further comprises the pretreatment step of
bringing a harmful gas containing as harmful _components,
nitrogen trifluoride along v'vith at least one member selected
from the group cdnsisting of tungsten fluorides, silicon
fluorides, hydrogen fluoride and fluorine into contact with
a cleaning agent capable of removing a fluorine-based

compound at ordinary temperature.

4. . The process for cleaning a harmful gas according to any
of the preceding claims, wherein the cleaning agent is

prepared by heat drying in an atmosphere of nitrogen.

-32- I
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brinding a harnful gas containing as harnful conponen
trifluoride along with at | east one nenber selected - mmlmu" mﬂﬂm " |II|
consi sting of tungsten fluorides, silicon fluorides, hydrégeh fYucride and

fluorine into contact with a cleaning agent capable of renoving a
~ fluorine-based conpound at ordinary t enper at ur e. 4 - The process for

I ' f ) wh
The- ol oani 7 nodie PESSRrEpAra) Ty Ems of s B SH5E, A0eshds 5, po"8h7' "

ni trogen. n the harm u13 as is hl»sro \Q/\ﬁ §ess
. for cleanlng aﬁ?lm LJ gas accorﬁfné to any ? Clélns l1to UJ- ereln t he

harnf ul gagoh8aPEOUA N HnR  c£8AhaRE V4 Qn{:h%td Sa%é}ﬂpéﬁf@ﬁrét ih the
tenperature in the range of 200 to 800 r]C The process for

cl eani ng arfagaef vk 299 @ec@odrdg to any of Clalns 1 to 3, wherein the
cl eani ng agent conpri sing stannous oxi de as an effective ingredi ent

further conprises a netal fluoride as a nolding aid. 7 - The process
for cleaning a harnful gas according to Claim 6, wherein the ratio by
wei ght of &he sThanpuscessd€or kdeamdmpladiharmiul igrs hecodedimggtagany s
I n the range of 1: ( 0.001 to 0.6 ). 8 - The process for cleaning a
har nf ul gasf adtl®@idisng1t oto 3, wherein the cleaning agent comprising

stannous oxide as an effective ingredient further comprises

a metal fluoride as a molding aid.

7 . The -process for . cleaning a harmful gas according to
Claim 6, wherein the ratio by weight of the stannous oxide
to the molding aid in the cleaning agent is in the range of

1: ( 0.001 to 0.6 ).

8 . The process for cleaning a harmful gas according to
Claim 6, wherein the metal fluoride is potassium fluoride or

a composition of potassium fluoride and calcium fluoride.

9 . The process for cleaning a harmful gas according to
Claim 8, wherein the metal fluoride is a composition of
potassium fluoride and calcium fluoride, and the ratio.by
weight of the stannous oxide to the potassium fluoride to
the calcium fluoride in the cleaning agent is 1: ( 0.001 to

0.15 ) : ( 0.01 to 0.60 ).
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Claim6, wherein the netal fluoride is potassiumfl mﬂ

conposition of potassiumfluoride and cal ciumfl uorlmu“ I"II“ “lml l“L
process for cleaning a harnful gas according to C*airh 8 wher®in' the
netal fluoride is a conposition of pot assi um fl uori de and cal ci um
fluoride, and the ratio by =~ weight of the stannous oxide to the potassium
fluoride ﬂdD-tﬂbecan§Qﬁa§Itm¢idéebniDMEaﬂbanhﬁglag@ﬂ agcdrding. 601 to
0.15) : 0.01 to 0.60). - 34 - 10. The process for
cleanlmgQQQ%ﬂrﬁuIW§8§GAECGhﬁrﬁ?ﬁk? QIaVﬁightwﬁéréh?t#ﬁ??%ﬁ?% pyidei ght
of the stannous oxide to the calciumfluoride in the cleanin ent is 1:
at | east *9.¥ Qﬂﬁf*?ﬂa?%ﬂ?ﬁ{ﬂegﬁ% the [FHeRPIN9 n2eeRbnt et : mth Fﬂét

| eani n ent at . a era ture of 250[err C at the | owest
Coons S aha o REHL #R abR obBPHEbEo Lnfy SHMSASH Heith  Eng, |

wher el n e e W qqgg 18 &GP ur 8¢ CHEDRY LLOME 8ULgenauct ot

manuf act

1 1. The process for cleaning a harmful gas according to
any of Claims 1 to 3, wherein the harmful gas is an exhaust

gas coming from a semiconductor manufacturing apparatus.
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